For the problem of hybrid flow shop with random disturbance, a dynamic rescheduling expert system is established in the paper. As the core of the system, the rescheduling solver is detailed described and the heuristic algorithm is proposed on the base of random disturbance modeling. The system is developed on the platform of G2. The simulation and computational results given at last verified that the system proposed in the paper can well meet the requirements of both function and performance.
Introduction
The key of dynamic rescheduling is to obtain the scheduling solution quickly that can satisfy the production constraints and minimize the production cost when workshop condition change. The key of dynamic rescheduling is to obtain the scheduling solution quickly that can satisfy the production constraints and minimize the production cost when workshop condition change. Usually, for the problem of dynamic rescheduling, the way is respectively to generate a totally new solution and on-line local modify the initial scheduling solution. Because of the practical use and its difficulty, the dynamic scheduling method has always been the focus of the academic research and enterprise application [1] .
A great deal of efforts has been made to the rescheduling problems in recent years. Vieira et al. describe a framework of rescheduling system [2] and present an analytical model to predict the performance of one-machine systems under periodic and event-driven rescheduling strategies [3] . Guo et al. study the properties of a three-machine flow shop scheduling problem and present a trigger mechanism to instruct the rescheduling [4] . References [5] - [6] address rescheduling problem on single machine, parallel machines, flow shops and job shops, respectively. Though variations of existing methods improve the efficiency of dynamic rescheduling from different angles of view, the most difficulty point still lies in the contradiction between the real-time and stability of solution performance and the corresponding contradiction between the real-time ability and complexity of computation.
Focusing on these difficulties, this paper studies the hybrid flow shop scheduling (HFS) with the random disturbance which typically exists in the manufacture practice, such as machine failures, arrival of rush orders, material shortages, tool breakages and so on. The remainder of this paper is organized as follows: In next section, the dynamic rescheduling solver embedded in the expert system is introduced. Then, two heuristic algorithms for disturbance of processing abnormal and machine breakdown are proposed. The realization of dynamic rescheduling expert based on G2 and computational results are illustrated next after. We conclude at last. 
The Semantic Network
As the core of the whole system, dynamic rescheduling solver consists of rules and processes and describes the problem of HFS with random disturbance. As shown in the Fig.1 , there are six class definitions in the conceptual model, including schedule solution, job, operation, machine, constraint and random disturbance. On this basis, the knowledge network can be structured. The underline in the Fig.1 represents the key attributes of the class and the semantic network inference is realized by correlation, focus and multiple inheritances between different classes provided by G2. Fig.1 The semantic network of dynamic rescheduling solver
The Solving Procedure
The solving procedure of dynamic rescheduling: Considering the production requirement for both the real-time ability of rescheduling efficiency and stability of rescheduling quality, the strategy of local repair is adopted. We take the advantage of the powerful real-time capability and concurrent multi-thread capacity of G2 which is developed by the Gensym Corporation, USA. The solving procedure of dynamic rescheduling is shown as follows: According to different kinds of disruption, different heuristic algorithm is dynamically exploited.
The heuristic algorithm of time parameter repair (TPR): 1. Calculate the minimum operation set as follows: 
Experimental result

